Orbital differentiation is a common theme in multi-orbital systems, yet a complete understanding of it is still missing. Here, we consider a minimal model for orbital differentiation in Hund metals with a highly accurate method: We use the numerical renormalization group as real-frequency impurity solver for a dynamical mean-field study of three-orbital Hubbard models, where a crystal field shifts one orbital in energy. The individual phases are characterized with dynamic correlation functions and their relation to diverse Kondo temperatures. Upon approaching the orbital-selective Mott transition, we find a strongly suppressed spin coherence scale and uncover the emergence of a singular Fermi liquid and interband doublon-holon excitations. Our theory describes the diverse polarization-driven phenomena in the t2g bands of materials such as ruthenates and iron-based superconductors, and our methodological advances pave the way towards real-frequency analyses of strongly correlated materials.
Orbital differentiation is a common theme in multi-orbital systems, yet a complete understanding of it is still missing. Here, we consider a minimal model for orbital differentiation in Hund metals with a highly accurate method: We use the numerical renormalization group as real-frequency impurity solver for a dynamical mean-field study of three-orbital Hubbard models, where a crystal field shifts one orbital in energy. The individual phases are characterized with dynamic correlation functions and their relation to diverse Kondo temperatures. Upon approaching the orbital-selective Mott transition, we find a strongly suppressed spin coherence scale and uncover the emergence of a singular Fermi liquid and interband doublon-holon excitations. Our theory describes the diverse polarization-driven phenomena in the t2g bands of materials such as ruthenates and iron-based superconductors, and our methodological advances pave the way towards real-frequency analyses of strongly correlated materials.
Introduction.-The discovery of superconductivity in the iron pnictides and chalcogenides [1, 2] (FeSCs) has led to renewed interest in multi-orbital systems. Both theoretical and experimental studies of these systems have uncovered the remarkable phenomenon of orbital differentiation: in an almost degenerate manifold of d states, some orbitals are markedly more correlated than others. For instance, in FeSe x Te 1−x [3] , LiFeAs [4] , and K 0.76 Fe 1.72 Se 2 [5] , among the t 2g states, only the xy orbital disappears from photoemission spectra as temperature is raised. Orbital differentiation is also seen in tunneling experiments [6] and is a key ingredient in theoretical frameworks to describe FeSCs [7] [8] [9] . It is not unique to the FeSCs; it has further been documented in the ruthenates [10] and likely takes place in all Hund metals [11, 12] .
An extreme form of orbital differentiation is the orbitalselective Mott transition (OSMT) [13] , where some orbitals get insulating, while others remain metallic. Despite its importance, the OSMT in three-band systems has not yet been systematically investigated with a controlled method enabling access to low temperatures, where Fermi liquids form. Pressing questions include: For a given sign of crystal-field splitting, which orbitals localize? Is the OSMT of first or second order? Do correlations enhance or reduce orbital polarization as one approaches the OSMT? To what extent do the different orbitals behave independently? Do itinerant electrons in the OSM phase (OSMP) form a Fermi liquid? Finally, how are precursors of the OSMT related to the physics of Hund metals?
In this Letter, we analyze a minimal setup for orbital differentiation in Hund metals (requiring at least three orbitals) with a method able to resolve even the lowest energy scales: we combine dynamical mean-field theory (DMFT) [14] with the numerical renormalization group (NRG) [15] as highly accurate real-frequency impurity solver, extending the tools of Ref. [16] from full SU(3) to reduced orbital symmetry. Whereas different bandwidths directly lead to different effective interaction strengths among the orbitals (as extensively studied for two-orbital models; see [17] for a list of references), we focus here on the more intricate case where a crystal field shifts one orbital in energy [18] [19] [20] [21] [22] . Thereby, we can isolate polarization effects and drive the system through band+Mott insulating, metallic, and OSM phases, reminiscent of Ca 2 RuO 4 [13] , Sr 2 RuO 4 [23] , and FeSCs, respectively.
Theoretically, the OSMP has been under debate both w.r.t. the precise form of the (conducting) self-energy [18, 21, [24] [25] [26] and w.r.t. subpeaks in the insulating spectral function [20, [26] [27] [28] . Whereas previous studies were limited by finite-size effects of exact diagonalization or finite temperature in Monte-Carlo data (requiring analytic continuation), our NRG results yield conclusive numerical evidence. We answer the questions raised above in a detailed phase diagram including coexistence regimes (lacking hitherto) and characterize the individual phases with real-frequency properties and their relation to Kondo temperatures spanning several orders of magnitude. Upon approaching the OSMT, we find a strongly suppressed spin coherence scale and uncover the emergence of a singular Fermi-liquid [24, [29] [30] [31] [32] and interband doublon-holon excitations [33] [34] [35] [36] (both of which were previously realized only separately and in two-orbital models).
Model and method.-The Hamiltonian of our threeorbital Hubbard model is given bŷ
whered † imσ creates an electron on site i in orbital m ∈ {1, 2, 3} with spin σ ∈ {↑, ↓}. The first term describes nearest-neighbor hopping within each orbital on the lattice of uniform amplitude t = 1, which thus sets the unit of energy. As local interaction, we use the following "minimal rotationally invariant" form [12, 16, 37, 38] ,
Here,Ŝ = mŜ m is the total spin operator;n = mn m , n m = σn mσ , andn mσ =d † mσdmσ are number operators with expectation values n, n m , and n mσ , respectively. This interaction yields an intraorbital Coulomb interaction of size U , interorbital Coulomb interactions of U − J and U − 2J for opposite and equal spins, respectively, and a spin-flip term proportional to J. With only two parameters, it exhibits the full SU(3) symmetry, as opposed to the SO(3) symmetry of the usual Hubbard-Kanamori Hamiltonian [12, 39] . We mostly fix U = 6 and J = 1.
The only source of orbital differentiation in our model comes from the last term inĤ. We introduce the crystalfield splitting ∆ as relative shift among the on-site energies (cf. Fig. 1 ): 1 − ∆ = 2 = 3 ≡ 23 . Their overall shift is set by the total filling, n = 2 (one away from half filling). Here and below, the index "23" indicates shared properties of the degenerate doublet (e.g., n 23 ≡ n 2 = n 3 ).
Within the DMFT approximation, the lattice Hamiltonian is mapped to an impurity problem with selfconsistently determined hybridization [14] . We use a semicircular lattice density of states (half-bandwidth 2), for convenience, and restrict ourselves to paramagnetic solutions at zero temperature (T = 10 −8 , in practice). The impurity problem is solved on the real-frequency axis by means of NRG. The numerical challenge of dealing with three orbitals and reduced orbital symmetry is overcome by employing an interleaved [40] full-density matrix [41] NRG setup where we exploit the remaining SU(2) spin ⊗ U(1) charge,1 ⊗ U(1) charge,23 ⊗ SU(2) orbital,23 symmetry using the QSpace tensor library [42] . We set the overall discretization parameter to Λ = 6 and keep up to 30000 multiplets (corresponding to ∼ 2.5 · 10 5 states) during the iterative diagonalization. While NRG can famously resolve arbitrarily small energy scales very accurately, we also obtain a sufficiently accurate resolution at high energies via adaptive broadening [43, 44] of the discrete spectral data obtained for two different z shifts [45] . As dynamic correlation functions, we compute the impurity self-energy Σ [46] , which is also used to extract the DMFT local spectral function A, as well as spin and orbital susceptibilities χ = χ − iπχ [47] .
Crystal-field splitting.-As we tune ∆ in either positive or negative direction, starting from the symmetric model at ∆ = 0, the system undergoes (for suitable interaction strength) two phase transitions. The nature of the different phases can be easily understood by looking at the occupations in the atomic limit ( Fig. 1) [19, 21] : For large ∆ > 0, the 1-orbital has highest energy; the two electrons reside in the half-filled 23-doublet and are likely to form a Mott insulator [48] . For ∆ = 0, we recover the fully symmetric model, where the two electrons are equally distributed among the three degenerate orbitals with occupation n m = 2/3 each, giving rise to metallic behavior (for not too strong interaction). Finally, for large ∆ < 0, the filling of the lowest orbital is eventually increased up to half-filling, n 1 = 1, and the remaining electron occupies the quarter-filled 23-doublet. For intermediate interaction strengths [49] , the half-filled 1-orbital is Mott-insulating while the quarter-filled 23-doublet remains metallic, thereby realizing an OSMP. By decreasing ∆ even further, one reenters a metallic (1 < n 1 < 2) and ultimately a band-insulating phase (n 1 = 2).
These considerations anticipate the mechanism driving the phase transitions as function of ∆ [18] [19] [20] [21] [22] : ∆ primarily induces orbital polarization, i.e., it changes the relative filling of the orbitals. Starting from the orbitally symmetric, metallic phase, the different orbitals can become band-insulating or undergo a filling-driven Mott transition. If there are partially filled orbitals of different fillings and/or degeneracies, as is the case in Fig. 1(c) , this leads to different critical interaction strengths for the Mott transition, and an OSMP can be realized.
We now investigate the precise nature of these phase transitions as function of ∆ for fixed U , J, n. This regime constitutes the OSMP, for which we find no hysteresis w.r.t. ∆. Clearly, the ∆-driven OSMT is much more second-order-like than the ordinary Mott transition at ∆ > 0. (Note that, while p appears differentiable at the OSMT, Var(p) exhibits a kink [47] .) The OSMP is stable from ∆ neg c down to ∆ −1.5, where one enters a strongly polarized (p > 0.5) metallic phase (not shown).
To address the effect of correlations on orbital differ- entiation, we examine the difference in the real part of the self-energies, δΣ = ReΣ 1 − ReΣ 23 , which adds to a renormalized crystal field, ∆ + δΣ [20, 47] . The overall shift of the self-energies is given by the Hartree part, Σ H = Σ(ω = ∞), which can directly be calculated as
The difference, δΣ H = −(U − 3J)p/2, increases monotonically with ∆ (via p) for U − 3J > 0, s.t. interactions overall enhance orbital differentiation [12] . However, the renormalization of ∆ at low energies must be determined numerically. Figure 2 (b) displays δΣ at ω ∈ {0, ∞}: δΣ(0) is smaller in magnitude than δΣ H (plot shows δΣ H /2) and increases monotonically with ∆ only for ∆ > −0.3. For ∆ < −0.3, δΣ(0) bends upward and eventually increases with decreasing ∆, thereby counteracting the splitting.
Next, Fig. 2(c) shows the width of the quasiparticle peak, δω qp , of the spectral function (cf. Fig. 3 ) to confirm the conducting vs. insulating character of the different phases [52] . For positive and negative ∆, we indeed find that the 23-and 1-orbital(s), respectively, undergo a Mott transition, with gradually decreasing δω qp . The sharp decline in δω qp around |∆| ∼ 0.3 corresponds to the formation of a subpeak (see below). For ∆ > 0, the 1-orbital shows a slight increase of δω qp and eventually becomes band-insulating, while, for ∆ < 0, δω qp of the 23-orbitals decreases until it saturates in the OSMP.
Before taking a closer look at the spectral functions, we complete our phase diagram by showing in Fig. 2(d [12, 54, 55] , as it splits the impurity ground-state manifold. Intuitively, a smaller ground-state degeneracy implies a reduced effective hybridization and thus a reduced Kondo temperature. For J > 0 and finite ∆, the ground-state degeneracy is reduced even further, particularly for ∆ < 0 [47] . Moreover, the DMFT self-consistency suppresses the low-energy hybridization strength of the orbital approaching the Mott transition. In the OSMP, A 1 (0) and T sp K eventually vanish altogether. Let us now examine in detail how the spectral functions change with ∆ in the metallic phase. Figures 3(a,b) show that, for both positive and negative ∆, the most important change with stronger correlations occurs in the orbital(s) approaching a Mott transition (main panels). The other orbitals (insets) mostly adjust the spectral weight. At ∆ = 0 [gray lines in Figs. 3(a-c) ], the spectral functions exhibit the typical shoulder in the quasiparticle (qp) peak [16, 55] (below half filling at ω < 0). In Ref. [55] , this has been explained as the combination of a sharp SU(2) spin Kondo resonance ("needle" with width ∝ T Fig. 3(c) ], and crosses over to an interband doublon-holon excitation at ∆ < 0 (see below) for |∆| T orb K (∆ = 0)/2 [56] . Generally, finite ∆ amplifies Hund metal features in the orbital(s) pushed towards half filling while suppressing them in the remaining one(s). This is apparent in spectral functions (Fig. 3) and also in local self-energies, where, e.g., the kink and reversed slope in ReΣ [23, 57] get very pronounced (Fig. S3 of [47] ).
OSMP.-For ∆ ≤ −0.85, T sp K and the qp needle vanish altogether; the 1-orbital becomes a Mott insulator while the 23-doublet retains spectral weight at ω = 0 [ Fig. 4(a)] [58] . Yet, the spectral function of the half- filled 1-orbital strongly differs from a single-orbital Mott insulator. Charge fluctuations in the 23-doublet enable interband doublon-holon excitations (identified in a twoband DMFT+DMRG study [35] ; cf. [33, 34] for experimental signatures) in A 1 at energies ∆, ∆ + 2J (derivation in [47] ). These gap-filling states give A 1 its soft form. They are shifted with ∆, leading to a "tilt" of A 1 around ω = 0. A hard gap is revealed when pushing the subpeaks apart (via J) and decreasing their weight (via E at = U − 2J) by suppressing 23-charge fluctuations [47] . The subpeaks' distinct nature [44, 60] is also seen in plots of the momentum-resolved spectral function [47] .
As the insulating 1-orbital does not contribute to spin screening, the OSMP inherits properties of an underscreened (spin) Kondo effect [32] , as manifested in a divergent spin susceptibility [ Fig. 4(b) ]. In fact, within our DMFT description of the OSMP, the impurity electron in the 1-orbital and that in the 23-doublet form a combined spin 1, due to Hund's coupling. However, the 1-orbital hybridization (∝ A 1 ) has zero weight at low enough energies. Hence, given the diagonal hybridization, only the 23-contribution to the impurity spin can be screened, while its 1-orbital contribution remains unscreened.
A low-energy zoom of the self-energy in the 23-orbitals [ Fig. 4(c) ] reveals strong deviations from the standard zero-temperature Fermi-liquid form, ReΣ FL = a + bω and ImΣ FL = −|c|ω 2 . Instead, it exhibits logarithmic singularities that can be well fitted [dashed lines in Fig. 4(c) ] to singular Fermi-liquid (SFL) relations [24, 32, 61] . The SFL nature of the OSMP is strikingly evident in the NRG flow diagram [15, 16, 55] : Fig. 4(d) shows that the rescaled, lowest-lying energy levels of the iteratively diagonalized Wilson chain reach the Fermi-liquid fixed point only asymptotically [30] .
Conclusion.-We have shown that DMFT+NRG can be used to study orbital differentiation in three-orbital Hubbard models, used this method to accurately describe polarization-driven phase transitions induced by a crystal field ∆, and uncovered the rich real-frequency structure inherent in the interplay of Hund metal physics and orbital differentiation. The popular notion that orbital screening, facilitated by J, makes the orbitals behave almost independently [8-10, 12, 18, 26, 48, 62] (as seen, e.g., in static correlations [18, 26, 47, 62] ) misses the importance of spin fluctuations. It must be revised when looking at dynamic correlation functions, as (i) a suppressed hybridization in one orbital suppresses the spin Kondo temperature of all orbitals (at sizable J), (ii) charge fluctuations in some orbitals enable interband doublon-holon excitations [35] in the spectrum of other orbitals, and (iii) the presence of localized spins implies singular Fermi-liquid behavior of the remaining itinerant electrons [32] .
With our methodological advances, NRG is ready to be used as real-frequency impurity solver in a DFT+DMFT description of three-orbital materials with reduced orbital symmetry. Future studies should further investigate the stability of the OSMP against interorbital hopping [63] .
We thank A. Georges In this Supplemental Material, we complement the discussion of the main text with additional illustrations and derivations and give definitions for the various susceptibilities. Citations refer to the list of references given in the main text.
S-I. ATOMIC LEVEL STRUCTURE
First, in the main text, we argued that finite J and ∆ reduce the impurity ground-state degeneracy. In Fig. S1 , we illustrate that, in the absence of spin-flip terms, the ground-state degeneracy is 15 for J = 0 = ∆; 6 for J > 0, ∆ = 0; and 4 for J > 0, ∆ < 0. Including spin-flip terms, it is 15, 9, and 6, respectively.
S-II. ADDITIONS TO THE PHASE DIAGRAM
Secondly, we complement the phase diagram in Fig. 2 of the main text. There, we have scrutinized the polarization p = p , withp =n 1 −n 23 andn 23 = (n 2 +n 3 )/2, which appears differentiable at the OSMT. Figure S2 (a) shows that Var(p) = p 2 − p 2 exhibits a kink at the OSMT. Further, we plot Cov(n 1 ,n 23 ) = | n 1n23 − n 1 n 23 |, which is generally rather weak and has an analogous kink at ∆ neg c [18, 26] . In Fig. S2(b) , we compare two definitions of an effective crystal field ∆ eff : while δΣ(0) = Σ 1 (0) − Σ 23 (0) adds to a renormalized crystal field ∆ + δΣ(0) for electronic degrees of freedom,∆ = Z 1 · ( 1 + Σ 1 (0)) − Z 2 · ( 23 + Σ 23 (0)) constitutes an effective crystal field for quasiparticle excitations [20] . As discussed in the main text, in a region around ∆ = 0, the self-energy difference δΣ(0) increases the magnitude of ∆ eff , i.e., δΣ(0) > 0 for ∆ > 0 and δΣ(0) < 0 for moderate ∆ < 0. However, for large, negative ∆, one finds that δΣ(0) > 0 for ∆ < 0, thus decreasing |∆ eff |. The quasiparticle effective crystal field,∆, is much smaller in magnitude than the bare crystal field. Nonetheless, it shows a similar trend as ∆ + δΣ(0): it depends monotonically on ∆ in a region around ∆ = 0 but bends upward for large, negative ∆, thereby counteracting the splitting.
S-III. ORBITAL DIFFERENTIATION IN SELF-ENERGIES
Next, in Figs. S3(a) and S3(b), we plot metallic selfenergies for all orbitals. For ∆ = 0, one finds typical Hund metal features [23, 57] , such as an inverted slope in ReΣ for small negative frequencies and a kink in ReΣ for small positive frequencies (with ImΣ related by Kramers- Kronig transform). These features are enhanced as the orbital becomes more correlated, and suppressed as it becomes less correlated, where the degree of correlation is induced by proximity to half filling: n 1 approaches 1 as ∆ decreases; n 23 approaches 1 as ∆ increases.
Looking at the self-energy of the insulating 1-orbital in Fig. S3(c) , we find that the singularity of the self-energy is not bound to ω = 0; instead, its position shifts with ∆. This implies that Z 1 = 1/(1−∂ ω ReΣ 1 (0)) does not vanish throughout the OSMP and is thus not suited to mark the insulating character of the 1-orbital in the OSMP (cf. footnote [52] in the main text). Figure S3 (d) deals with the self-energy of the itinerant electrons in the OSMP. It displays the logarithmic derivative
both for real frequencies, z = ω, and for imaginary frequencies, z = iω ∈ (2Z + 1)iπT . This quantity is well suited to discriminate between singularities of logarithmic or fractional power-law type:
In Fig. S3(d) , we clearly see that L(0) = 0, confirming the logarithmic nature of the singularity. The imaginaryfrequency data L(iω), available for ω ≥ πT , perfectly matches the low-frequency behavior but does not suffice to follow the decay up to L(0) = 0. In fact, if the imaginary-frequency data were only available in a limited temperature regime, as is the case in Monte-Carlo studies, say, T 10 −3 and ω π · 10 −3 , one might easily be tempted to conclude that L(iω) saturates at α ≈ 0.5. Figure S3 (e) shows the insulating spectral function of the 1-orbital at ∆ = −1 upon varying the interaction parameters, U ≥ 6 with J/U = 1/6 fixed. Increasing Hund's coupling J shifts the right subpeak towards larger energies, and increasing the "atomic gap" E at = U − 2J [16] decreases the weight of the subpeaks by suppressing charge fluctuations in the 23-doublet (see Section S-IV and A 23 in Fig. S5 ). Due to the gap-filling doublon-holon excitations (Section S-IV), A 1 has a soft shape at U = 6, J = 1. However, at large enough U = 8, J = 4/3, the subpeaks are clearly separated from ω = 0 and a hard spectral gap is revealed.
Finally, we show in Fig. S3 (f) intra-and inter-orbital susceptibilities of spin and number operators (defined in Section S-VI). As Ŝ 1 ||Ŝ 23 ω ≡ Ŝ α 1 ||Ŝ α 23 ω and n 1 ||n 23 ω change sign within 0 < ω < ∞, they are shown in absolute value. It is interesting to note that spins align, Ŝ 1 ||Ŝ 23 ω > 0, for ω J due to Hund's coupling, and the individual charges antagonize, n 1 ||n 23 ω < 0, to minimize Coulomb repulsion for ω U/2. Particularly, one sees that the orbital Kondo scale, read off from the posi-tion of the maximum in χ orb (dash-dotted line), can also be determined from orbital-resolved charge susceptibilities (dashed lines). An explicit relation between these three orbital susceptibilities is provided Eq. (S15).
S-IV. DOUBLON-HOLON EXCITATIONS
The spectrum of the insulating 1-orbital in the OSMP can be qualitatively explained from the atomic level structure. In the atomic limit, the ground state would consist of eigenstates of the impurity Hamiltonian with one electron in the 1-and 23-orbital(s) each (the first contribution to |G in Fig. S4 is a representative) . However, the metallic character of the 23-orbitals implies charge fluctuations, such that the actual ground state also contains admixtures from states where the 23-levels of the impurity are empty or doubly occupied (second and third contribution to |G in Fig. S4 ). As the total filling is fixed, the residual charge is carried by the bath (second "ket" in the tensor-product notation of Fig. S4) .
At large interaction, the first term with total impurity occupation 2 is dominant. Single-particle and -hole excitation in the 1-orbital on top of this state mark the Hubbard bands. Single-particle and -hole excitations on the other contributions make states accessible that would not be accessible in the atomic limit. If we relate these states to the dominant contribution to the ground state, we can identify them as interband doublon-holon excitations [35] : the charge on the impurity remains 2 while an electron is removed in the 23-orbital and added in the 1-orbital (blue dashed line in Fig. S4 ), or vice versa (red dashed line).
We can also estimate the various excitations energies from the atomic energy levels. The ground-state energy can be estimate from the impurity eigenstate with dominant weight as E G = 1 + 23 + (U − 2J). Whereas the difference in on-site energies is set by the crystal field, ∆ = 1 − 23 , and we here focus on the OSMP with n 1 = 1, the overall shift of the on-site energies is determined by charge fluctuations in the 23-doublet. 
The respective energy cost is 
Hubbard bands in the 1-orbital
Single-particle and -hole excitations in the 1-orbital on top of the dominant ground-state contribution lead to states with energies
Excitations to these states mark the Hubbard bands, which are found in the spectral function at
Inserting the value for 1 = ∆ + 23 , we get
Doublon-holon subpeaks
The doublon-holon excitation energies are found from single-particle or -hole excitations on top of the subleading contributions to the ground state with an empty or doubly occupied 23-doublet. Their respective atomic energies are
Using 1 − 23 = ∆, we get the positions of the subpeaks in the spectral function:
Both the charge fluctuations in the 23-doublet and the interband doublon-holon excitations are determined by the same subleading contributions to the ground state (such as the terms with coefficients |β| 2 and |γ| 2 in Fig. S4) ; hence, the widths of the quasiparticle peak in the 23-doublet and the subpeaks in the 1-orbital are closely tied together. By increasing E at = U − 2J, we can directly decrease the widths of the 23-quasiparticle peak and the 1-subpeaks. On the other hand, by tuning ∆ and J at constant E at , we can shift the positions of the 1-subpeaks, while the weights of the 23-quasiparticle peak and the 1-subpeaks remain roughly the same. . Local A(ω) and momentum-resolved A(ω, k ) spectral functions for varying ∆ in the metallic phase (left panel) and for varying U (J = U/6 fixed) in the OSMP (right). Note that, within DMFT, the k dependence enters only via k , and we set the half-bandwidth to 2. (a) Already at ∆ = 0, A(ω) and A(ω, k ) reveal a strong particle-hole asymmetry. (b,c) As we decrease ∆, the 1-orbital is pushed towards half filling, the quasiparticle weight decreases, and A(ω, k ) reveals an almost flat dispersion. Interestingly, the spectral weight from the ω < 0 shoulder is continuously transferred from negative to positive k . (d) In the OSMP, the quasiparticle weight in the 1-orbital has vanished; the Hubbard band in A(ω, k ) at ω < 0 is found at k < 0 while the subpeak is distinctively centered at k > 0 (note the altered color scale). The logarithmic singularities in the 23-orbitals are contained in the very sharp structure around ω = 0. (e,f) With increasing Eat = U − 2J, the widths of the 23-quasiparticle peak and, consequently, the widths of the 1-subpeaks decrease. With increasing J, the position of the right subpeak shifts to higher energies. The distinct nature of the interband doublon-holon excitations and the Hubbard bands becomes clearly visible. They resemble the intraband doublon-holon subpeaks in the single-orbital strongly correlated metallic phase [44, 60] .
